Abstract. -The domain structure of a simple bariumferrite and a sintered Nd-Fe-B magnet was analysed by means of three-dimensional neutron depolarisation between 10 K and room temperature. The temperature dependence of the mean domain size was derived from the measured depolarization matrix both for isotropic and anisotropic specimens.
1. Introduction 3. Magnetic properties A general model describing correctly both the magnitude and the temperature dependence of the coercivity of magnetic materials is still missing. The coercivity is a metallurgical, macroscopic property which depends essentially on the domain structure and the mobility of the Bloch walls. Almost all techniques for the observation of magnetic domain structures are optical methods which are inherently restricted to the surface of the sample (see e.g. Refs. [I, 21) . However, neutron depolarization allows to determine essential domain structure parameters, as e.g. the mean size of the domains and the mean square direction cosines of their individual magnetizations, in the bulk material [3-51. In the present work a comparison will be made between the temperature dependence of the domain size of a barium ferrite and a Nd-Fe-B based magnet as they were derived from neutron depolarization experiments.
Experimental
Technical, at the free market available magnets were used for the present study. Bariumferrite is a hexage nal material based on the well established compound BaFe1201g. It was choosen because its magnetic properties are well known. It exhibits no magnetic anomalies on varying its temperature. Nd-Fe-B, on the other hand, is based on the tetragonal compound Nd~FelcB which below 135 K undergoes a spin reorientation from the c-axis to an easy cone [6] . Now both the magnetic and the anisotropy behaviour of this compound are known, too (see e.g. [7, 81) . From both materials an isotropic as well as an anisotropic sample were investigated in order to study orientational influences on the domain structure. The neutron depolarization experiments were performed with a setup described briefly in [9] .
In optimised hardmagnetic ferrites simple homogeneous spin rotations play the most important role during the magnetization process. This means that such materials can be understood as single-domain particle magnets and it implies that the coercivity should be proportional to the anisotropy field. However, as can be seen by comparing the temperature dependencies of IHC and IHA this is not the case at low temperatures were formation and movement of domain walls takes place [lo] . Nd-Fe-B based magnets are on the contrary nucleation controlled materials [ll] . According to [12] their coercivity is proportional to the nucleation field which is a function of the first and second order anisotropy constants Kl and Kz. At low temperatures a spin reorientation from the oaxis to an easy cone occurs. The cone apex angle develops smoothly, reaching a value of 30' at 4.2 K [6] . According to the symmetry change of the easy axis a corresponding variation of the domain structure is expected, too. It should be mentioned that the temperature dependence of the coercivity shows a strong reduction of IHC with decreasing temperature if the external field is applied perpendicularly to the preferential axis, indicating the occurrence of this spin reorientation process [13] . 4 . Results a n d discussion for the Nd-Fe-B magnet. The nor~nalised anisotropy energy can be expressed as:
where K2 is negligible in the ferrite case. Figure 2 shows the temperature dependence of the mean domain size as obtained by the neutron depolarization experiment for both types of materials. Comparing the two figures the following features become evident: a) whereas the anisotropy energy decreases linearly with increasing temperature the mean domain size of the ferrite sample is nearly independent of temperature (one even observes a slightly increasing tendency). This behaviour is fully equivalent to the temperature dependence of the coercivity of such a material; b) the temperature dependence of the mean domain size of the Nd-Fe-B magnet is comparable with that of the anisotropy energy EA, demonstrating that its domain structure is dominated obviously by anisotropy effects. The assumption that the nucleation field can be replaced by the anisotropy field leads to a good description of the temperature trend of the coercivity [lo] ; c) in both types of materials the measured mean domain size is larger for the anisotropic sample than for the corresponding isotropic one. Since in our experiments the neutron transmission direction coincided with the anisotropy axis this result might be explained by the assumption of ellipsoidally shaped grains which are averaged in the isotropic case whereas in the anisotropic specimens their elongated axes are oriented preferentially along the neutron beam direction. The fact that the bariumferrite and the NdFeBbased samples behave differently demonstrates that different mechanisms determine the size of their domains. For the ferrite a single particle magnet is generally assumed. In this case the domain size is equivalent to the dimension of the grains. Therefore both the domain size and the coercivity are nearly independent of temperature. In the case of the nucleation controlled Nd-Fe-B magnet the grains contain more than one domain. Hence the domain size is free to change with temperature according to the variation of the anisotropy. This is a plausible interpretation of the experimental results.
